Objective: Children with attention-deficit hyperactivity disorder (ADHD) may have oppositional behaviour, conduct problems, and aggression. These symptoms vary in severity, and may be related to a comorbid diagnosis of oppositional defiant disorder (ODD) or conduct disorder (CD). Critical evaluation of the efficacy of ADHD medications may guide the clinician regarding the usefulness of medications for these symptoms.
• There is evidence to support the use of guanfacine and atomoxetine for oppositional behaviour, though effect sizes are small to moderate.
• The effect of clonidine on oppositional behaviour and conduct problems may not be clinically significant.
Limitations
• There are a very limited number of studies of guanfacine and clonidine for the treatment of oppositional behaviour, conduct problems, and aggression.
A ttention-deficit hyperactivity disorder is the most common neuropsychiatric disorder of childhood, with a prevalence of 4.1% in Canadian school-aged children. 1 Children with ADHD show a persistent pattern of inattention and (or) hyperactivity-impulsivity that interferes with functioning and is inappropriate for developmental level. In addition to these core features, many children with ADHD and their families struggle with oppositional behaviour, conduct problems, and aggression. These symptoms vary in severity among children, and in up to 60% of those with ADHD, may be related to a comorbid diagnosis of ODD or CD. 2 Children with ODD have severe and persistent negative, defiant, hostile, and oppositional behaviour, while children with CD violate the rights of others or societal norms through repeated acts of aggression to people and animals, destruction of property, deceitfulness or theft, or serious violations of rules.
The Canadian ADHD Practice Guidelines 3 outline 5 tiers of holistic-based care, including: adequate education of patients and their families; behavioural interventions; psychological treatment; educational accommodations; and medical management. In children with comorbid ODD, these guidelines advise optimization of pharmacotherapy of ADHD, as well as psychosocial treatments, including parent and other behavioural treatments. For children with comorbid CD, the guidelines state that while medications are usually effective in reducing the symptoms of ADHD and impulsive aggression, these children usually benefit from multimodal treatment, and may require additional pharmacotherapy with antipsychotics or mood stabilizers. Until now, the relative benefits of using ADHD medications rather than adding an antipsychotic or mood stabilizer have been unclear.
In light of the disability related to oppositional behaviour, conduct problems, and aggression in youth with ADHD, and the high rate of comorbidity between ADHD, ODD, and CD, a critical evaluation of the efficacy of ADHD medications in treating these types of behaviours can help guide the clinician regarding pharmacotherapy for these target symptoms. The objective of this systematic review is to assess the efficacy and safety of ADHD medications-psychostimulants, diagnostic comorbide de trouble oppositionnel avec provocation (TOP) ou de trouble des conduites (TC). L'évaluation critique de l'efficacité des médicaments du TDAH peut guider le clinicien à l'égard de l'utilité des médicaments pour ces symptômes. Nous avons effectué une revue systématique et une méta-analyse des psychostimulants, des  agonistes alpha-2 et de l'atomoxétine pour le comportement oppositionnel, les problèmes de conduite, et  l'agressivité chez les adolescents souffrant de TDAH, de TOP et de TC. La qualité des données probantes pour les médicaments a été cotée à l'aide de l'approche de Classement de l'analyse, de l'élaboration et de l'évaluation des recommandations.
Méthode :

Résultats :
Deux revues systématiques et 20 essais randomisés contrôlés ont été inclus. Des données probantes de qualité élevée indiquent que les psychostimulants ont un effet de modéré à grand sur le comportement oppositionnel, les problèmes de conduite, et l'agressivité chez les adolescents souffrant du TDAH, avec et sans TOP ou TC. Des données probantes de très faible qualité indiquent que la clonidine a un effet modeste sur le comportement oppositionnel et les problèmes de conduite chez les adolescents souffrant du TDAH, avec et sans TOP ou TC. Des données probantes de qualité modérée montrent que la guanfacine a un effet de modeste à modéré sur le comportement oppositionnel chez les adolescents souffrant de TDAH, avec et sans TOP. Des données probantes de qualité élevée indiquent que l'atomoxétine a un effet modeste sur le comportement oppositionnel chez les adolescents souffrant du TDAH, avec et sans TOP ou TC.
Conclusions :
Les données probantes indiquent que les psychostimulants, les agonistes alpha-2, et l'atomoxétine peuvent être bénéfiques pour les comportements perturbateurs et agressifs qui s'ajoutent aux symptômes de base du TDAH. Cependant, les psychostimulants sont généralement plus avantageux.
alpha-2 agonists, and atomoxetine-for oppositional behaviour, conduct problems, and aggression in youth with ADHD that is comorbid with ODD or CD. A companion article in this 2-part series provides a systematic review of antipsychotics and mood stabilizers for the same purpose. 4
Methods
Criteria for Considering Studies for This Review
Types of Studies
We included systematic reviews and RCTs, both parallel group and crossover designs. Studies had to include outcomes on oppositional behaviour, conduct problems, or aggression, and had to include a placebo phase or group. We searched for studies regardless of publication type.
Types of Participants
We included children and adolescents with a diagnosis of ADHD, ODD, or CD, made by an established classification system. Given the high rate of comorbidity between these disorders and both subaverage IQ and chronic tic disorders, we did not exclude studies that included children with these comorbidities.
Types of Interventions 1) Psychostimulants (methylphenidate and amphetamine)
at any dosage or formulation (for example, short-or long-acting medications).
2) Alpha agonists (clonidine and guanfacine) at any dosage or formulation.
3) Atomoxetine at any dosage.
Types of Outcome Measures
1) Oppositional behaviour, conduct problems, or aggression as measured by validated clinician-, parent-, or teacher-reported scales.
2) Adverse effects, including physical, laboratory, or electrocardiogram abnormalities, and adverse eventrelated drop outs.
Search Methods for Identification of Studies
Electronic Searches
We searched the CENTRAL (Cochrane Central Register of Controlled Trials), MEDLINE, and PsycInfo databases in October 2013 (start date from database inception) using the strategies in online eAppendix 1. Searches were performed by medication class. Language restrictions were not imposed. Studies were not excluded based on publication status.
Searching Other Resources
We searched ClinicalTrials.gov database for unpublished studies, and checked the references of all review articles found in our searches.
Data Collection and Analysis
Selection of Studies
Two authors independently reviewed titles and abstracts from the searches and selected potentially relevant studies. Full-text articles were read in detail to determine if they fulfilled inclusion criteria. Disagreements were resolved through discussion between the reviewers. We did not need to refer any disagreement to an independent arbiter.
Data Extraction and Management
Two authors independently extracted data from studies and entered them into a predesigned data extraction form. The following data were extracted and entered:
1) Study design.
2) Randomization method.
3) Allocation concealment. 
14) Comparability of groups at baseline.
We compared extracted data to ensure accuracy, and we resolved discrepancies through discussion.
Assessment of Methodological Quality of Individually Included Studies and Systematic Reviews
Two authors independently assessed the risk of bias of each study according to predetermined criteria. For each criterion, included studies were given ratings of low risk of bias, high risk of bias, or uncertain risk of bias. Based on the combination of these individual factors, studies were given an overall rating of class I, class II, or class III for methodological quality. See online eAppendix 2 for the methodological quality rating system. Included systematic reviews were evaluated for methodological quality using the R-AMSTAR tool and scored up to 44 points. 5
Measures of Treatment Effect
For continuous outcomes, we used SMDs between treatment and placebo. The SMD is used to pool outcomes measured on different scales across studies. Depending on the presentation of individual study results, SMDs were calculated based on end point or change scores. For binary outcomes, we used odds ratios. Intention-to-treat analyses Part 1: Psychostimulants, Alpha-2 Agonists, and Atomoxetine were performed: all randomized participants were included in the analyses and retained in the group to which they were allocated.
Unit of Analysis Issues
For crossover trials, we analyzed first period data only, when reported. When this was not reported, we took all measurements from treatment periods and placebo periods and analyzed these as if the trial were a parallel group trial. In crossover trials reporting results from multiple dosages of methylphenidate, only the data on the highest-included dosage were used in the meta-analysis.
Dealing With Missing Data
When standard deviations were missing, they were calculated from given standard errors and group sample size. When both the standard deviation and standard error were not provided, standard deviations were imputed from a study using the same measurement instrument, treatment, and population type. This was required for one study.
Assessment of Heterogeneity
We assessed clinical heterogeneity by comparing trial design and the distribution of participant factors. We assessed statistical heterogeneity by examining the I 2 statistic, an approximate quantity that describes the proportion of variation in point estimates that is due to heterogeneity of studies rather than to sampling error. We performed a chisquare test of homogeneity to determine the strength of evidence that heterogeneity is genuine.
Assessment of Reporting Biases
Given the limited number of RCTs, we did not formally assess for reporting bias. Both included systematic reviews (for psychostimulants and atomoxetine) had an adequate number of RCTs to perform tests of reporting bias, which are described in the Results.
Data Synthesis
We performed meta-analysis on the data using both randomeffects and fixed-effects models, and compared the results of these 2 approaches to assess statistical heterogeneity. If the I 2 statistic was less than 40%, a fixed-effect model was used. Meta-analysis was performed on efficacy data only, as there was great variability in the reporting of adverse effects. Data on the type and frequency of adverse effects are described for each included study.
Overall Evidence Quality Rating for Each Medication
Each medication was given an overall quality of evidence rating based on the GRADE approach. 6 The overall quality of evidence is rated as high, moderate, low, or very low, based on the confidence in the estimate of effect. With highquality evidence, further research is very unlikely to change our confidence in the estimate of effect. With moderatequality evidence, further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. With low-quality evidence, any estimate of effect is very uncertain, and further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
We determined an initial rating of the quality of evidence for each medication based on the number and quality of the individual studies. We required multiple RCTs without serious limitations to make an initial rating of high-quality evidence. Multiple RCTs with some serious limitations resulted in an initial rating of moderate-quality evidence. An initial rating of low-quality evidence was given when RCTs had very serious limitations and inconsistent results. GRADE then specifies 5 reasons for rating down the quality of evidence (risk of bias, imprecision, inconsistency, indirectness, and publication bias) and 3 reasons for rating up the quality of evidence (a large magnitude of effect, a dose-response gradient, and a situation in which all plausible biases would serve to increase our confidence in the estimated effect). Each of these factors was evaluated for each medication, leading to a final determination of the quality of evidence, which are presented in the evidence profile table (Table 1) .
Results
Results of the Search
We included 2 systematic reviews, 1 on psychostimulants and 1 on atomoxetine. For RCTs, we included 12 of psychostimulants and 8 of alpha agonists. See online eAppendix 3 for flow diagrams by drug class.
Study Participants
Most studies included youth with ADHD with and without ODD or CD. All studies included more boys than girls. 
Study Outcomes
Treatment Effects
Psychostimulants Our search found 1 systematic review of psychostimulants for the treatment of aggression in youth with ADHD; it included 28 RCTs published between 1970 to 2001. 8 Therefore, we included this systematic review in our analysis and restricted our own systematic review to studies published from 2001 to 2013.
Connor et al 8 performed a meta-analysis to evaluate the effect size for stimulants on overt and covert aggression in children with ADHD. This meta-analysis received an R-AMSTAR score of 29/44 points. The authors included 28 RCTs of methylphenidate (21 studies), amphetamine (5), and pemoline (2) . These studies had a total of 683 subjects, with sample sizes ranging from 6 to 46 (mean 24, SD not provided in the article). The mean age of subjects was 9.7 years (range 7.7 to 14.4), and 75% had comorbid ODD or CD. The mean duration of treatment was 13 days (SD not provided in the article), and mean doses of methylphenidate, amphetamine, and pemoline were 22.18, 23.74, and 145.15 mg/day, respectively. Each study was given a quality rating out of 7, and the mean rating was 5.8 (range 5 to 7).
Overt aggression-related behaviours were defined as "aggression resulting in a direct confrontation with the environment" 8, p 254 (for example, physical assault, verbal threats, oppositional and defiant behaviour, conduct problems, rage attacks, and irritability), whereas covert aggression-related behaviours were defined as "aggression that is furtive and hidden from the environment" p 254 (for example, cheating, lying, stealing, and fire-setting). Where possible, separate effect sizes (Cohen d) were calculated for clinician-, parent-, and teacher-rated overt and covert aggression. Overall effect sizes for overt and covert aggression were calculated as well. Adverse effects were not considered.
For overt aggression, weighted effect sizes comparing psychostimulant and placebo were significant (P < 0.001) based on clinician ratings in 18 studies (d = 0.77; 95% CI 0.63 to 0.88), parent ratings in 13 studies (d = 0.71; 95% CI 0.42 to 1.15), teacher ratings in 16 studies (d = 1.04; 95% CI 0.79 to 1.32), and overall ratings in all 28 studies (d = 0.84; 95% CI 0.70 to 1.02). Significant heterogeneity was detected among the effect sizes in each of these analyses, but calculation of a so-called file-drawer statistic suggested that publication bias was highly unlikely. In general, the presence of comorbid ODD or CD correlated negatively with effect size. Effect sizes based on overall ratings were comparable for studies of methylphenidate (d = 0.80) and amphetamine (d = 0.83), and dose was not significantly associated with effect size.
Seven of 28 studies reported effects of stimulant treatment on covert aggression. Clinician ratings were available in 6 studies (d = 0.81; 95% CI 0.20 to 1.43, P < 0.001), and overall ratings in all 7 studies were lower at d = 0.54 (95% CI 0.21 to 1.29). In each of these analyses, heterogeneity across results was observed. The file-drawer statistics suggested that publication bias was unlikely. Drug type and dose were not associated with effect size.
We found 12 RCTs comparing psychostimulants with placebo, published from the end date of the Connor systematic review 8 to 2013, that met our inclusion criteria. Eleven evaluated methylphenidate [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and 1 studied lisdexamphetamine 20 in children with ADHD. These 12 RCTs included a total of 1681 participants. Trial size ranged from 24 to 327 participants (mean 140, SD 113.1). All trials included children with ADHD comorbid with ODD or CD (44% to 93%). Both immediate-release and long-acting forms of methylphenidate were studied. Trial length ranged from 2 to 16 weeks. Two trials received a quality rating of class I, 4 were class II, and 6 were class III. Measures of aggression, oppositional behaviour, and conduct problems were included as a secondary outcome in all studies, and all studies reported a significant benefit with psychostimulants, compared with placebo. See online eAppendix 5 for study characteristics, quality ratings, results of individual RCTs, and details regarding adverse effects. See eAppendix 6 for a list of excluded studies.
Eight studies provided adequate data on end point scores to be included in a meta-analysis. The SMD between psychostimulants and placebo for teacher-rated oppositional behaviour, conduct problems, and aggression was 0.84 (95% CI 0.59 to 1.10; I 2 = 73%, P < 0.001), using a random effects model (Figure 1a ). The SMD between psychostimulants and placebo for parent-rated oppositional behaviour, conduct problems, and aggression was 0.55 (95% CI 0.36 to 0.73; I 2 = 56%, P < 0.001), using a random-effects model (Figure 1b) . The evidence profile for psychostimulants is presented in Table 1 . There is highquality evidence that psychostimulants have a moderate-tolarge effect in the management of oppositional behaviour, conduct problems, and aggression in youth with ADHD, with or without ODD or CD.
Alpha Agonists
Eight studies met our inclusion criteria; 2 of guanfacine extended release, 1 of clonidine extended release, and 5 of clonidine immediate release. Six studies evaluated children with ADHD, 1 study evaluated children with ADHD and a chronic tic disorder, and 1 study evaluated children with mental retardation and hyperkinetic disorder. See online eAppendix 5 for study characteristics, quality ratings, results of individual RCTs, and details regarding adverse effects. See online eAppendix 6 for a list of excluded studies.
Clonidine
These 6 studies included 545 children with ADHD. 17, [21] [22] [23] [24] [25] All but 1 study 23 did not exclude children with ODD or CD, with rates ranging from 46% to 100%. Trial size ranged from 10 to 198 participants (mean 91, SD 74.6). Trials ranged in length from 6 to 16 weeks. Two studies evaluated clonidine added to psychostimulant therapy, 2 studies evaluated clonidine monotherapy, and 2 studies evaluated both clonidine monotherapy and clonidine added to a psychostimulant. Methodological quality was rated as class II for 4 studies and class III for 2 studies. One study specified conduct problems as the primary outcome. Among the 4 class II quality studies, 3 were negative regarding oppositional behaviour and conduct problem outcomes; at least 2 of the 3 negative studies were adequately powered to detect a difference between treatments. Both class III quality studies were positive; 1 provided no data on outcome measures, thus we could not include the results in the meta-analysis.
Only 3 of the 6 studies provided adequate data on change or end-point scores to be included in the meta-analysis. The SMD between clonidine and placebo for oppositional behaviour and conduct problems was 0.27 (95% CI 0.04 to 0.51; I 2 = 0%, P = 0.02), by fixed-effects model ( Figure  2) . The evidence profile for clonidine is presented in Table  1 . There is very-low-quality evidence that clonidine has a small effect on oppositional behaviour and conduct problems in youth with ADHD, with and without ODD or CD. The lower limit of the 95% confidence interval for the effect of clonidine approaches zero; thus, it is possible that the true effect of clonidine for the treatment of oppositional behaviour and conduct problems is not clinically important.
Guanfacine
The 2 studies of guanfacine extended release included 678 children with ADHD (children with a diagnosis of ODD were permitted in the studies, but the rate of comorbidity was not specified). 26, 27 One study evaluated guanfacine extended release for 9 weeks as an adjunct to psychostimulants; the other study evaluated guanfacine monotherapy for 8 weeks. Both trials were class II in quality. One trial had oppositional behaviour as the primary outcome. Both studies demonstrated a significant effect of guanfacine extended release, compared with placebo, for oppositional behaviour.
Both studies provided adequate data on change scores to be included in the meta-analysis. The SMD between guanfacine extended release and placebo for oppositional behaviour was 0.43 (95% CI 0.18 to 0.68; I 2 = 5 4%, P < 0.001), by Figure 1a Psychostimulants, compared with placebo, for aggression, oppositional behaviour, and conduct problems as measured by teachers in youth with attention-deficit hyperactivity disorder, with and without oppositional defiant disorder, and conduct disorder Evans et al 15 Findling et al 13 Gadow et al 19 Gorman et al 16 Gorman et al 16 Greenhill et al Pelham et al 12 9 Sinzig et al 14 13 Part 1: Psychostimulants, Alpha-2 Agonists, and Atomoxetine random-effects model (Figure 3) . The evidence profile for guanfacine extended release is presented in Table 1 . Overall, there is moderate-quality evidence that guanfacine has a small-to-moderate effect on oppositional behaviour in youth with ADHD, with and without ODD.
SMD
Favours placebo
SMD Study or subgroup
Atomoxetine
We found one systematic review and meta-analysis of atomoxetine, published in 2014, with ODD symptoms as an outcome (see online eAppendix 5 for details). 28 The authors included all published and unpublished data on atomoxetine from placebo-controlled, double-blind, randomized trials in youth with ADHD and average intelligence. Twenty-five trials were included, comprising 3928 youth. The majority of studies (23/25) were industry-funded, with a mean trial duration of 8.6 weeks (range 4 to 18 weeks), and a mean atomoxetine dose of 1.17 mg/kg/day. Comorbid ODD and (or) CD was present in 44.6% of study participants. The results for ODD outcomes are based on 15 comparisons involving 1907 patients. The overall effect size for ODD symptoms was 0.33 (95% CI 0.24 to 0.43; I 2 = 0%, P < 0.001). The authors found that the proportion of subjects with a diagnosis of ODD did not significantly influence the effect size for ODD symptoms (P = 0.41). Funnel plots were inspected to assess for publication bias for all outcomes; no indication of publication bias favouring atomoxetine was identified.
Ratings of trial methodological quality were not performed by the authors of the systematic review. 28 Our own review of methodological quality of the included studies found 4 studies rated class I, 5 studies rated class II, and 2 studies rated class III. The evidence profile for atomoxetine is presented in Table 1 . Overall, there is high-quality evidence that atomoxetine has a small effect on oppositional defiant behaviour in youth with ADHD, with and without ODD or CD.
Discussion
Summary of Main Results
First, there is high-quality evidence that psychostimulants have a moderate-to-large effect on oppositional behaviour, conduct problems, and aggression in youth with ADHD, with and without ODD or CD. Second, there is verylow-quality evidence that clonidine has a small effect on oppositional behaviour and conduct problems in youth with ADHD, with and without ODD or CD; the 95% confidence interval approaches zero, suggesting that the true effect may not be clinically significant. Third, there is moderate-quality evidence that guanfacine has a small-to-moderate effect on oppositional behaviour in youth with ADHD, with and without ODD. Fourth, there is high-quality evidence that atomoxetine has a small effect on oppositional behaviour in youth with ADHD, with and without ODD or CD.
Overall Completeness and Applicability of Evidence
The outcomes that were measured differed between drugs. Only the studies of psychostimulants evaluated all 3 outcomes of oppositional behaviour, conduct problems, and aggression, while studies of guanfacine and atomoxetine evaluated outcomes related to oppositional behaviour only, and studies of clonidine evaluated outcomes related to oppositional behaviour and conduct problems. Thus, when applying this evidence base clinically, the clinician must consider if the target symptoms for a particular patient involve oppositional behaviour, conduct problems, and (or) aggression, although of course considerable overlap exists between these 3 symptom domains.
While most studies included children with ADHD alone, ADHD with ODD, or ADHD with CD, none of them subanalyzed results based on diagnostic groups; rather, they presented aggregate data for all included subjects. Nonetheless, the systematic review of psychostimulants found that the presence of comorbid ODD or CD correlated negatively with effect size, suggesting that the benefits for disruptive and aggressive behaviour may be smaller in patients with more severe symptoms. Therefore, the clinician should bear in mind that there may be differences in treatment response based on the presence or absence of comorbid ODD and CD. Conversely, the systematic review of atomoxetine found that a diagnosis of ODD did not significantly moderate the effect size for oppositional symptoms. As the benefit of atomoxetine is small, compared with psychostimulants, the ability to detect potential moderators may be limited.
Conclusions
Implications for Practice
The largest effect size for symptoms of oppositional behaviour, conduct problems, and aggression was seen with the psychostimulants, which also show the largest effect size for the core symptoms of inattention, hyperactivity, and impulsivity, 29 and are generally considered first-line medication treatment for ADHD. 3, 30 Therefore, the evidence confirms that in the child with ADHD, with or without ODD or CD, who suffers from disabling symptoms of oppositional behaviour, conduct problems, or aggression, psychostimulants are a medication of first choice. Treatment with other medications for ADHD, including atomoxetine, guanfacine, and clonidine, may also provide some symptom relief, though effect sizes are smaller for these outcomes.
In general, adverse effects related to psychostimulants in RCTs were mild, and infrequently led to discontinuation of treatment. The most commonly reported adverse effects were appetite suppression and difficulty sleeping. The most common adverse events related to alpha-2 agonists were sedation, headache, and decreased blood pressure or heart rate. Discontinuation due to adverse effects was also uncommon with atomoxetine, with gastrointestinal symptoms, loss of appetite, and fatigue most commonly reported.
Implications for Research
Longer-duration studies to evaluate symptom control over time would be valuable to determine if improvement in oppositional behaviour, conduct problems, and aggression are sustained, as well as to evaluate long-term safety of treatment. Authors reporting the results of clinical trials should be encouraged to adhere to the CONSORT (Consolidated Standards of Reporting Trials) Statement guidelines, as the failure to report important methodological factors results in lower-quality ratings for individual studies and the overall body of evidence.
